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(54) X-ray image pickup device 

(57) An X-ray image pickup device has a two- 
dimensional image reading device which is constituted 
by two-dimensionally forming a plurality of photoelectric 
conversion elements on an insulating substrate, and 
has switching elements in the vicinities of these photoe- 
lectric conversion elements, a phosphor which is formed 
on the two-dimensional image reading device and 
serves as a wavelength converter for converting X-ray 
radiation into visible light, and a grid plate which is 
formed on the phosphor and guides only X-rays from a 
specific direction toward the phosphor and the two- 
dimensional image reading device, whereby a next-gen- 
eration X-ray image pickup device which can improve 
diagnostic efficiency that cannot be attained by the con- 
ventional film method, and has a high space factor and 
a high S/N ratio that cannot be attained by the CCD 
method can be provided. 



FIG. 4 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

The present invention relates to an X-ray image 
pickup device and, more particularly, to an X-ray image 
pickup device which has a large area and a high S/N 
ratio, and is applicable to a medical X-ray diagnostic 10 
apparatus. 

Related Background Art 

Nowadays, in an X-ray image pickup device used in 15 
medical diagnosis, a method of radiating X-rays onto a 
human body, irradiating X-rays transmitted through the 
human body onto a phosphor that converts the X-rays 
into visible light, and exposing a film with the fluores- 
cence (to be referred to as a film method hereinafter) 20 
obtained is popular. 

Fig. 1 shows the schematic arrangement of an X- 
ray diagnostic apparatus as a typical X-ray image 
pickup apparatus. Referring to Fig. 1, an X-ray source 
901 radiates X-rays onto a patient, and the X-ray irrten- 25 
sity and the radiation time are adjusted in correspond- 
ence with the purpose of diagnosis. In a human body 
(patient) 902, the radiated X-rays are scattered in every 
directions. For the purpose of increasing the resolution 
of an X-ray image, only X-rays in a specific direction are 30 
guided toward a phosphor (scintillator) 904 using a grid 
plate 903. 

The scintillator 904 can obtain fluorescence in a vis- 
ible light region by recombination energy when the base 
material of the phosphor is excited (absorbed) and 35 
recombined by high-energy X-rays. The fluorescence is 
produced by the base material itself such as CaW0 4 , 
CdW0 4l or the like, or by a luminescent center sub- 
stance such as Csl:TI or ZnS:Ag activated in the base 
material. Recently, phosphors using rare earth ele- 40 
ments such as Tb, Eu, Pr, and the like as luminescent 
centers are used. 

The grid plate is constituted by alternately arrang- 
ing a substance (e.g., lead) that absorbs X-rays and a 
substance (e.g., aluminum) that transmits X-rays, and 45 
has the sectional arrangement shown in Rg. 2. 

The fluorescence from the scintillator 904 exposes 
a film 905, and an X-ray image of the patient is obtained 
via a development process. 

In another X-ray image pickup apparatus, a one- or so 
two-dimensional CCD solid-state image pickup element 
is used in place of the film 905, so that the fluorescence 
from the scintillator 904 is imaged via a reduction optical 
system and the image is photoelectrical!/ converted. 

Not only in Japan in which the population of elderly 55 
people is increasing rapidly but also worldwide, 
improvement of diagnostic efficiency in hospitals and 
development of medical equipments with higher preci- 
sion are strongly demanded. Under such circum- 
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stances, the conventional film type X-ray image pickup 
device has problems to be described below. 

Before a doctor acquires an X-ray image of a 
patient, a film development process must be performed, 
resulting in much labor and time. 

Sometimes, when a patient moves during X-ray 
image pickup or when the exposure amount is improper, 
image pickup must be inevitably redone. These factors 
disturb improving the diagnostic efficiency in hospitals. 

A clear X-ray image cannot often be obtained 
depending on the image pickup angle of the affected 
portion to be photographed. For this reason, in order to 
obtain an X-ray image required for diagnosis, some 
images must be taken while changing the image pickup 
angle. Such operation is not preferred especially when 
the patient is a baby or a pregnant woman. 

Furthermore, X-ray image films must be preserved 
after image pickup for a certain period of time in hospi- 
tals, and the number of such films becomes very large 
in hospitals, resulting in poor efficiency in terms of man- 
agement in hospitals since the films must be put in and 
out every time a patient comes to a hospital. When a 
patient needs to change the hospital he or she normally 
visits to seek medical attention for some reason, for 
example, when a patient in a remote place must 
undergo diagnosis as highly advanced as that he or she 
can receive only in a midtown university hospital or must 
move abroad, X-ray films after exposure and develop- 
ment must be delivered to the next hospital by some 
method. Otherwise, the patient must be subjected to an 
image pickup operation again in the new hospital. 

These problems are serious obstacles against 
establishing a new system of medical practice in future. 
It is the first object of the present invention to solve the 
above-mentioned problems. 

In recent years, in medical industries, demand for 
"digitization of X-ray image information" is increasing. If 
the digitization is attained, X-ray image information can 
be managed using recording media such as magneto- 
optical disks, and a doctor can acquire X-ray image 
information at an optimal angle in real time. When a 
communication system such as a facsimile system, and 
the like are utilized, X-ray image information can be sent 
to hospitals everywhere in the world within a short 
period of time. Furthermore, when the obtained digital 
X-ray image information is subjected to image process- 
ing using a computer, diagnosis with higher precision 
than in the conventional method can be realized, and all 
the problems that the conventional film method has 
encountered can be solved. 

Recently, an X-ray image pickup apparatus that 
uses a CCD solid-state image pickup element in place 
of a film has also been proposed. 

However, existing CCD solid-state image pickup 
elements cannot be manufactured in a size that 
matches human bodies. When a CCD solid-state image 
pickup element is used, fluorescenc , i.e., an X-ray 
image, from the scintillator must be imaged on the CCD 
light-receiving surface via a reduction optical system. It 
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is difficult to attain a size reduction of the reduction opti- 
cal system including lenses, resulting in a large X-ray 
image pickup apparatus. 

Sine an X-ray image is formed via a lens, light 
components that do not enter the lens are wasted, s 
Therefore, light components entering a lens are 
reduced to 1/100 to 1/1,000 although such ratio 
depends on the reduction ratio, and it is generally 
accepted that the S/N (signal to noise) ratio is reduced 
to 1/10 to 1/100 upon passing through the lens. This fact 
is expected to be disadvantageous upon applying the 
CCD solid-state image pickup element to medical 
equipments that require high gradation characteristics. 

SUMMARY OF THE INVENTION 

As described above, it is an object of the present 
invention to provide a next-generation X-ray image 
pickup device with an improved diagnostic efficiency, 
could not be attained by the conventional film method, 
and can guarantee a high space factor and a high S/N 
ratio that cannot be attained by the CCD method. 

It is another object of the present invention to pro- 
vide an X-ray image pickup device which can obviate 
the need for any reduction lens system including a lens, 
and can attain a size reduction. 

It is still another object of the present invention to 
provide an X-ray image pickup device which can effi- 
ciently read light converted by a phosphor. 

It is still another object of the present invention to 
provide an X-ray image pickup device which can 
remove scattered X-ray components, and can obtain a 
high-quality X-ray image with a high S/N ratio and high 
resolution. 

It is still another object of the present invention to 
provide an X-ray image pickup device which is strong 
against vibrations and has high reliability. 

It is still another object of the present invention to 
provide a high-precision X-ray image pickup device 
which can obtain data that can be used in data commu- 
nications. 

It is still another object of the present invention to 
provide an X-ray image pickup device which can be 
used as an I/O device of a medical X-ray diagnostic 
apparatus. 

It is still another object of the present invention to 
provide an X-ray image pickup device comprising a two- 
dimensional image reading device constituted by two- 
dimensionally forming a plurality of photoelectric con- 
version elements on an insulating substrate, a wave- 
length converter which is formed to be in substantially 
tight contact with a surface of the two-dimensional 
image reading device and converts a wavelength of irra- 
diated X-rays into a wavelength in a photosensitive 
wavelength range of the two-dimensional image reading 
device, and a grid plate which is formed between the 
wavelength converter and an X-ray source, and guides 
only X-rays from a specific direction to the wavelength 
converter. 



It is still another object of the present invention to 
provide an X-ray image pickup device wherein in the 
above X-ray image pickup device, the two-dimensional 
image reading device is constituted by arranging the 
photoelectric conversion elements each serving as a 
pixel at a predetermined interval (sensor pitch) in 
X- and Ydirections, 

the grid plate is constituted by pairs of substance 
portions (A) that absorb X-rays and substance portions 
(B) that transmit X-rays at a predetermined interval (grid 
pitch) in at least one of the X- and Ydirections, and 

a size, in a direction of the grid pitch, of a light- 
receiving surface of the photoelectric conversion ele- 
ment is equal to a pitch of the grid plate or a value N 
times (N: an integer equal to or larger than 2) of the 
pitch of the grid plate. 

It is still another object of the present invention to 
provide an X-ray image pickup device wherein in the 
above X-ray image pickup device, the two-dimensional 
image reading device is constituted by arranging the 
photoelectric conversion elements each serving as a 
pixel at a predetermined interval (sensor pitch) in 
X- and Y-directions, the grid plate is constituted by pairs 
of substance portions (A) that absorb X-rays and sub- 
stance portions (B) that transmit X-rays at a predeter- 
mined interval (grid pitch) in at least one of the X- and Y- 
directions, and the sensor pitch is set to be equal to the 
grid pitch or a value N times (N: an integer equal to or 
larger than 2) of the grid pitch. 

It is still another object of the present invention to 
provide an X-ray image pickup device wherein in the 
above X-ray image pickup device, a positional relation- 
ship between the two-dimensional image reading 
device and the grid plate is determined to maximize a 
signal output from the photoelectric conversion ele- 
ment. 

It is still another object of the present invention to 
provide an X-ray image pickup device wherein in the 
above X-ray image pickup device, the photoelectric con- 
version element is constituted by, from the insulating 
substrate side, a first metal thin film layer serving as a 
lower electrode, an amorphous silicon nitride insulating 
layer (a-SiNJ for blocking passage of electrons and 
holes, a hydrogenated amorphous silicon photoelectric 
conversion layer (a-Si:H), an n-type injection blocking 
layer for blocking injection of hole carriers or a p-type 
injection blocking layer for blocking injection of electron 
carriers, and a transparent conductive layer or a second 
metal thin film layer formed on a portion of the injection 
blocking layer, which serves as an upper electrode. 

Since an X-ray image pickup device of the present 
invention comprises a two-dimensional image reading 
device which is constituted by two-dimensionally form- 
ing a plurality of photoelectric conversion elements on 
an insulating substrate, a wavelength converter which is 
in tight contact with the surface of the two-dimensional 
image reading device and converts the wavelength of 
irradiated X-rays into that in a photosensitive wave- 
length range of the reading device, and a grid plate 
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which is arranged between the wavelength converter 
and an X-ray source to guide only X-rays from a specific 
direction to the wavelength converter, a high-quality X- 
ray image can be obtained without using any film, and 
data processing is facilitated. 

Since the necessity of any reduction optical system 
including a lens can be obviated, the entire X-ray image 
pickup device can be reduced in size. 

Furthermore, since most of light components from 
a phosphor can be effectively used, an X-ray image 
pickup device with a high S/N ratio can be provided. 

With this device, not only the diagnostic efficiency 
in hospitals can be greatly improved, but also a diagnos- 
tic information network can be constructed to cover the 
entire nation. Hence, a patient even in a remote plate 
can undergo medical diagnosis as highly advanced as 
that in a midtown hospital. Therefore, the diagnostic effi- 
ciency in the entire medical field can be improved. 

Since the grid plate is arranged, scattered X-rays in 
a human body can be removed. 

In the two-dimensional image reading device that 
constitutes the X-ray image pickup device of the present 
invention, the photoelectric conversion elements each 
serving as a pixel are disposed in the X- and Y-direc- 
tions at predetermined intervals (sensor pitches), the 
grid plate is constituted by disposing pairs of sub- 
stances (A) that absorb X-rays and substances (B) that 
transmit X-rays at predetermined intervals (grid pitches) 
in at least one of the X- and Y-directions, and the size, in 
the grid pitch direction, of the light-receiving surface of 
the photoelectric conversion element is equal to the 
pitch of the grid plate or is equal to a value N times (N: 
an integer equal to or larger than 2) of the pitch of the 
grid plate. With this arrangement, an X-ray image 
pickup device which is free from any moir6 and has high 
reliability and high resolution can be provided. 

Alternatively, the two-dimensional image reading 
device that constitutes the X-ray image pickup device of 
the present invention may be arranged as follows. That 
is, the photoelectric conversion elements each serving 
as a pixel are disposed in the X- and Y-directions at pre- 
determined intervals (sensor pitches), the grid plate is 
constituted by disposing pairs of substances (A) that 
absorb X-rays and substances (B) that transmit X-rays 
at predetermined intervals (grid pitches) in at least one 
of the X- and Y-directions, and the sensor pitch is equal 
to the grid pitch or a value N times (N: an integer equal 
to or larger 2) of the grid pitch, thereby preventing gen- 
eration of any moir§. Furthermore, when the positional 
relationship between the two-dimensional image read- 
ing device and the grid plate is determined to maximize 
the signal output from the photoelectric conversion ele- 
ment, the X-ray image pickup device can have a high 
S/N ratio. 

The photoelectric conversion element is constituted 
by, from th side of the insulating substrate, a first metal 
thin film layer serving as a lower electrode, an amor- 
phous silicon nitride insulating layer (a-SiNJ that blocks 
passage of electrons and holes, a hydrogenated amor- 



phous silicon photoelectric conversion layer (a-Si:H), an 
n-type injection blocking layer for blocking injection of 
hole carriers or a p-type injection blocking layer for 
blocking injection of electron carriers, and a transparent 

s conductive layer or a second metal thin film layer formed 
on a portion of the injection blocking layer, which layer 
serves as an upper electrode. With this structure, an 
existing thin film manufacturing device such as a CVD 
device, a sputtering device, or the like can be easily 

10 used, and the image pickup portion of the X-ray image 
pickup device can be manufactured to have a large area 
and low cost. When the grid and an X-ray-visible light 
conversion phosphor having the same size as that of 
the photoelectric conversion device portion are used, a 

75 low-profile, compact, and high-S/N-ratio X-ray image 
pickup device can be provided. X-ray image data 
obtained by this device can be easily combined with dig- 
ital techniques, thus greatly improving diagnostic effi- 
ciency in the entire medical field in future. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view for explaining 
an example of a conventional X-ray image pickup 
25 apparatus; 

Rgs. 2 and 3 are sectional views for explaining an 
example of a grid; 

Rg. 4 is a sectional view for explaining an example 
of the overall arrangement of an X-ray image pickup 
30 apparatus according to the present invention; 

Fig. 5 is a plan view for explaining a photoelectric 
conversion portion that can be used in an X-ray 
image pickup device according to the present 
invention; 

35 Rg. 6 is a sectional view showing the photoelectric 
conversion portion shown in Fig. 5; 
Rgs. 7A to 7C are schematic energy band dia- 
grams for explaining an example of the operation of 
a photoelectric conversion element that can be 

40 used in the present invention;' 

Rg. 8 is a schematic equivalent circuit diagram 
showing an example of a photoelectric conversion 
portion that can be used in the present invention; 
Fig. 9 is a timing chart for explaining an example of 

45 the drive timing of the photoelectric conversion por- 
tion that can be used in the present invention; 
Rg. 10 is a schematic equivalent circuit diagram for 
one pixel of the photoelectric conversion portion 
that can be used in the present invention; 

so Rg. 1 1 is a schematic timing chart of the photoelec- 
tric conversion portion shown in Fig. 10; 
Rgs. 12 and 13 are plan views for explaining the 
packaging concept of an X-ray detector; 
Figs. 14, 15, 17, and 18 are sectional views for 

55 explaining preferred embodiments of an X-ray 
image pickup device of the present invention; and 
Fig. 16 is a perspective view for explaining a pr - 
ferred embodiment of an X-ray image pickup device 
of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The pr sent invention will be described in detail 
hereinafter with reference to the accompanying draw- s 
ings. 

Fig. 4 is a schematic sectional view showing the 
overall arrangement of an X-ray image pickup appara- 
tus having a preferred X-ray image pickup device of the 
present invention. Referring to Fig. 4, X-rays from an X- 10 
ray source 901 are irradiated onto a human body 902, 
and are subjected to absorption, transmission, and 
scattering depending on substances in the body such 
as the lungs, bones, blood vessels, a focus, and the like. 
The X-rays that have traversed the human body travel is 
toward a grid 903. 

Figs. 2 and 3 are sectional views showing the 
arrangement of the grid. The grid is constituted by alter- 
nately arranging a substance 200 (e.g., lead) that 
absorbs X-rays, and a substance 201 (e.g., aluminum) 20 
that transmits X-rays. The reason why the grid is 
arranged is to prevent a decrease in resolution due to X- 
rays scattered inside the human body. More specifically, 
only X-rays in a specific direction (the sectional direction 
of the grid) pass through the X-ray transmission sub- 25 
stance portions 201 , and reach a scintillator (phosphor) 
904. On the other hand, X-rays scattered inside the 
human body are absorbed by the absorption substance 
portions 200 of the grid, and cannot reach the scintilla- 
tor. 30 

The X-rays irradiated onto the scintillator are 
excited (absorbed) by a fluorescent substance in the 
scintillator, and the scintillator produces fluorescence 
close to or including the spectral sensitivity wavelength 
range of photoelectric conversion elements 401 . 35 

The photoelectric conversion elements 401, which 
are in tight contact with the phosphor, photoelectrically 
convert corresponding fluorescence components of an 
X-ray image from the scintillator 904 into signal charges, 
which are transferred to processing circuits (an ampli- 40 
fier, an A/D converter, and the like; not shown in Fig. 4) 
via switching elements 402. 

Note that the phosphor need not be perfectly in tight 
contact with the photoelectric conversion elements, but 
need only be substantially in tight contact with them. 45 
The phrase "substantially in tight contact with" means 
that the phosphor is disposed with a gap to the element, 
that is, sufficiently smaller than the sensor pitch. With 
this arrangement, light can be fully utilized, and the 
image can be prevented from being blurred. so 

The photoelectric conversion elements 401 and 
switching elements 402 are formed on an insulating 
substrate 400, and a protection film 403 covers these 
elements to protect them. 

Figs. 2 and 3 show the section of the grid shown in ss 
Fig. 4. Fig. 2 shows a grid which is used when the dis- 
tance to the X-ray source is relatively large, and in which 
the X-ray absorption substance portions (Pb) and X-ray 
transmission substance portions (Al) are disposed par- 



allel to each other. On the other hand, in a grid shown in 
Fig. 3, X-ray absorption substance portions (Pb) and X- 
ray transmission substance portions (AL) are inclined to 
point in the direction of the X-ray source 901 in its sec- 
tional structure, and such grid is used when the distance 
between the X-ray source and the grid is relatively 
small. Such structure is advantageous in terms of space 
in the X-ray image pickup device. In the case of the grid 
shown in Fig. 3, since X-rays that directly pass through 
the human body without being absorbed or scattered 
are directly irradiated onto the scintillator, brighter fluo- 
rescence can be obtained, and a high S/N ratio is 
assured. 

Fig. 5 is a plan view showing the photoelectric con- 
version elements and the switching elements for four 
pixels of a two-dimensional photoelectric conversion 
device portion that can be preferably used in the X-ray 
image pickup device of the present invention. In Fig. 5, 
hatched portions 405 correspond to light-receiving sur- 
faces which receive fluorescence from the scintillator. 
The switching elements 402 transfer signal charges 
photoelectrically converted by the photoelectric conver- 
sion elements toward the processing circuits via signal 
lines 409 connected to the processing circuits, and are 
controlled via control lines 408. Power supply lines 410 
supply a bias voltage to the photoelectric conversion 
elements. Contact holes 420 connect the photoelectric 
conversion elements 401 and the switching elements 
402. 

Fig. 6 is a sectional view showing the photoelectric 
conversion device portion taken along a direction 6 - 6 in 
Fig. 5. An example of the method of forming the photo- 
electric conversion device portion that can be used in 
the present invention will be explained below. 

A chromium (Cr) film having a thickness of about 
500 A is deposited on the insulating substrate 400 by a 
sputtering method or a resistive heating method and is 
patterned by a photolithography process to etch unnec- 
essary areas, thereby forming a first metal thin film layer 
421. The first metal thin film layer 421 serves as the 
lower electrode of each photoelectric conversion ele- 
ment 401 and the gate electrode of each switching ele- 
ment 402. 

A 2,000-A thick a-SiN x layer (425), a 5.000-A thick 
a-Si:H layer (426), and a 500-A thick n + -layer (427) are 
stacked in turn by a CVD method in an identical vacuum 
atmosphere. These layers respectively serve as the 
insulating layer/photoelectric conversion semiconductor 
layer/hole injection blocking layer of each photoelectric 
conversion element 401, and also serve as the gate 
insulating film/semiconductor layer/ohmic contact layer 
of each switching element 402. These layers are also 
used as insulating members for cross portions (430 in 
Fig. 5) between the first metal thin film layer 421 and a 
second metal thin film layer 422. The thicknesses of 
these layers are not limited to th above-mentioned val- 
ues, but may be optimally designed in correspondence 
with the voltages and charges to be used in the photoe- 
I ctric conversion device, the incident fluorescence 
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amount from the scintillator, and the like. At least the a- 
SiN x layer preferably has a thickness of 500 A or more, 
which can prevent passage of electrons and holes and 
can sufficiently assure the function of the gate insulating 
film of a TFT. 

After these layers are stacked, areas that serve as 
contact holes (see 420 in Fig. 5) are dry-etched by RIE 
(Reactive Ion Etching), CDE (Chemical Dry Etching), or 
the like, and thereafter, an aluminum (Al) film having a 
thickness of about 10,000 A is deposited as a second 
metal thin film layer 422 by a sputtering method or a 
resistive heating method. The deposited film is pat- 
terned by a photolithography technique to etch unnec- 
essary areas. 

The second metal thin film layer serves as the 
upper electrode of each photoelectric conversion ele- 
ment 401, the source and drain electrodes of each 
switching element (TFT), other wiring lines (intercon- 
nects), and the like. When the second metal thin film 
layer 422 is formed, the upper and lower thin film layers 
are connected via the contact hole portions at the same 
time. 

Furthermore, in order to form a channel portion of 
each TFT, a portion between the source and drain elec- 
trodes is etched by an RIE method, and thereafter, 
unnecessary portions of the a-SiN x layer, a-Si:H layer, 
and n + -layer are etched to isolate the respective ele- 
ments. In this manner, the photoelectric conversion ele- 
ments 401, the switching TFTs 402, other wiring lines 
(408, 409, 410), and the contact holes 420 are formed. 

The sectional view in Fig. 6 illustrates the elements 
for only two pixels, but a large number of pixels are 
simultaneously formed on the insulating substrate 400, 
needless to say. Finally, for the purpose of improving 
humidity resistance, an SiN x passivation film (protection 
film) are coated on the elements and wiring lines. 

As described above, the photoelectric conversion 
elements, the switching TFTs, and the wiring lines are 
formed by only simultaneously forming the first metal 
thin film layer, a-SiN x layer, a-Si:H layer, n + -layer, and 
second metal thin film layer, and etching these layers. 
There is only one injection block layer in each photoe- 
lectric conversion element, and the above layers are 
formed in an identical vacuum atmosphere. 

An example of the device operation of the photoe- 
lectric conversion element 401 alone that can be used 
in the present invention will be explained below. 

Figs. 7A and 7B are energy band diagrams respec- 
tively showing the refresh mode and the photoelectric 
conversion mode of the photoelectric conversion ele- 
ment, and each show the state in the direction of thick- 
ness of the respective layers in Fig. 6. In Fig. 7A, a lower 
electrode 602 (to be referred to as a G electrode herein- 
after) consists of Cr. An insulating layer 607 consists of 
SiN and blocks passage of both electrons and holes. 
The thickness of th layer 607 is set to be 500 A or more 
that can prevent movement of electrons and holes due 
to the tunnel effect. A photoelectric conversion semicon- 
ductor layer 604 consists of an intrinsic (i-type) semi- 



conductor layer of hydrogenated amorphous silicon (a- 
Si). An injection blocking layer 605 of an n-type a-Si 
layer blocks injection of holes into the photoelectric con- 
version semiconductor layer 604. An upper electrode 
5 606 (to be referred to as a D electrode hereinafter) con- 
sists of Al. 

In this embodiment, although the D electrode does 
not perfectly cover the n -layer, the D electrode and the 
n-layer always have the same potential to allow free 

10 movement of electrons between the D electrode and the 
n-layer, and the following description will be made under 
the assumption of this fact. The photoelectric conver- 
sion element of this embodiment performs two different 
operations, i.e., the refresh mode and the photoelectric 

is conversion mode depending on the way of applying a 
voltage between the D and G electrodes. 

In Fig. 7A that shows the refresh mode, the D elec- 
trode is applied with a negative potential with respect to 
the G electrode, and holes indicated by full circles in the 

20 Mayer 604 are guided by an electric field toward the D 
electrode. At the same time, electrons indicated by open 
circles are injected into the i-layer. At this time, some 
holes and electrons recombine in the n-layer 605 and 
the i-layer 604 and disappear. If this state continues for 

25 a sufficiently long period of time, holes in the i-layer 604 
are wiped out from the i-layer 604. 

In order to switch this state to the photoelectric con- 
version mode shown in Fig. 7B, a positive potential is 
applied to the D electrode with respect to the G elec- 

30 trode. Upon applying this voltage, electrons in the i-layer 
604 are instantaneously guided to the D electrode. 
However, since the n-layer 605 serves as an injection 
blocking layer, holes are never guided to the i-layer 604. 
In this state, when light enters the i-layer 604, light is 

35 absorbed to generate electron-hole pairs. These elec- 
trons are guided to the D electrode, and the holes move 
inside the i-layer 604 and reach the interface between 
the i-layer 604 and the insulating layer 607. However, 
since holes cannot move into the insulating layer 607, 

40 they stay in the i-layer 604. At this time, since the elec- 
trons move into the D electrode, and the holes move to 
the interface with the insulating layer 607 in the i-layer 
604, a current flows from the G electrode to maintain an 
electrically neutral state. Since this current is propor- 

45 tional to the electron-hole pairs produced by light, it is 
proportional to incident light. After the photoelectric con- 
version mode (Fig. 7B) is maintained for a predeter- 
mined period, when the element is switched to the 
refresh mode state (Fig. 7B), holes staying in the i-layer 

so 604 are guided to the D electrode, as described above, 
and a current corresponding to these holes flows con- 
currently. The amount of holes corresponds to the total 
amount of light that is incident during the photoelectric 
conversion mode period. At this time, a current that cor- 

55 responds to the amount of electrons injected into the i- 
layer 604 also flows. However, the amount of electrons 
is nearly constant, and can be subtracted from the 
amount of holes to det ct the light amount. That is, the 
photoelectric conversion element of this embodiment 
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can output the amount of incident light in real time, and 
at the same time, can output the total amount of light 
that enters the element for a predetermined period. 

However, when the photoelectric c nversion period 
is prolonged for some reason or when incident light has 
a strong illuminance, often no current flows although 
light becomes incident. Such phenomenon occurs for 
the following reason. That is, a large number of holes 
stay in the Mayer 604, these holes reduce the electric 
field in the i-layer 604, and produced electrons are not 
guided to the D electrode by the electric field but recom- 
bine with holes in the i-layer 604. When the incident 
state of light changes in this state, a current flows unsta- 
bly, but when the refresh mode is set again, holes in the 
i-layer 604 are wiped out, and a current proportional to 
light can be obtained in the next photoelectric conver- 
sion mode. 

In the above description, when holes in the i-layer 
604 are wiped out in the refresh mode, it is ideal to wipe 
out all the holes, but it is effective to wipe out only some 
holes. In this case, a current equal to that obtained in 
the above case can be obtained, and no serious prob- 
lem is posed. That is, the state shown in Fig. 7C need 
only be prevented at the detection timing in the next 
photoelectric conversion mode, and the potential of the 
D electrode with respect to the G electrode in the 
refresh mode, the duration of the refresh mode, and the 
characteristics of the injection blocking layer of the n- 
type layer 605 need only be determined. Furthermore, 
in the refresh mode, injection of electrons into the i-layer 
604 is not a necessary condition, and the potential of 
the D electrode with respect to the G electrode is not 
limited to a negative potential for the following reason. 
That is, when a large number of holes stay in the i-layer 
604, even when the potential of the D electrode with 
respect to the G electrode is a positive potential, the 
electric field in the i-layer acts in a direction to guide the 
holes to the D electrode. It is not a necessary condition 
for the characteristics of the injection blocking layer of 
the n-layer 605, either, that it be capable of injecting 
electrons into the i-layer 604. 

The photoelectric conversion operation when the 
photoelectric conversion elements shown in Figs. 5 and 
6 are two-dimensional ly arranged will be described 
below. Fig. 8 is an equivalent circuit diagram showing an 
example of the photoelectric conversion device 
obtained by two<Jimensionally arranging the photoelec- 
tric conversion elements, and Fig. 9 is a timing chart 
showing an example of the operation of this device. 

Referring to Fig. 8, photoelectric conversion ele- 
ments S1 1 to S33, the lower electrode side of which is 
indicated by G and the upper electrode side of which is 
indicated by D, are connected to switching TFTs T1 1 to 
T33. A reading power supply Vs and a refresh power 
supply Vr are respectively connected to the D elec- 
trodes of all th photoelectric conversion elements S1 1 
to S33 via switches SWs and SWr. The switch SWs is 
connected to a refresh control circuit RF via an inverter, 
and the switch SWr is directly connected to the circuit 



RF. The refresh control circuit RF controls these 
switches so that the switch SWr is turned on during the 
refresh period and the switch SWs is turned on during 
other periods. One pixel is constituted by one photoe- 

5 lectric conversion element and one switching TFT, and 
its signal output is connected to a detection integrated 
circuit IC via a signal line SIG. In this photoelectric con- 
version device, a total of nine pixels are divided into 
three blocks. The outputs from three pixels per block are 

w simultaneously transferred, and are sequentially con- 
verted into outputs by the detection integrated circuit IC 
via the signal lines SIG, thus obtaining outputs (Vout). 
Three pixels in one block are arranged in the horizontal 
direction, and the three blocks are arranged in the verti- 

75 cal direction, thus arranging pixels two-dimensionally. 
An example of the operation of one pixel in the pho- 
toelectric conversion portion in the X-ray image pickup 
device of the present invention will be explained below 
with reference to Figs. 10 and 11. Fig. 10 shows an 

20 equivalent circuit including the photoelectric conversion 
element and the switching TFT for one pixel, and Fig. 1 1 
is a timing chart showing the operation of this circuit. In 
order to refresh the photoelectric conversion element 
401 , a gate Vg (730) and a reset switching element 705 

25 are turned on while a bias power supply 701 is set to 
have a given voltage value (Vr). With this operation, the 
D electrode of the photoelectric conversion element 401 
is refreshed to Vr, and its G electrode is refreshed to a 
bias V BT of a reset power supply 707 (Vr < V BT ). After 

30 this operation, the photoelectric conversion element is 
set in a storage state (reading mode). Thereafter, the X- 
ray source 901 is turned on, and X-rays passing through 
the human body and the grid 903 are irradiated onto the 
scintillator 904. Fluorescence produced by the scintilla- 

35 tor 904 is irradiated onto the photoelectric conversion 
element 401 and is photoelectrical^ converted. Since 
the a-SiN x insulating layer and the a-Si:H photoelectric 
conversion semiconductor layer that constitute the pho- 
toelectric conversion element are also dielectrics, the 

40 photoelectric conversion element also serves as a 
capacitive element. That is, a signal charge photoelec- 
trically converted by the photoelectric conversion ele- 
ment is stored in the photoelectric conversion element. 
Thereafter, the gate Vg of the TFT is turned on, and the 

45 signal charge in the photoelectric conversion element is 
transferred to a capacitive element 713. The capacitive 
element 713 is not formed as a specific element in Fig. 
5, and is inevitably formed by the capacitance between 
the upper and lower electrodes of the TFT, the cross 

so portion 430 between the signal line 409 and the gate 
line 408, or the like. Of course, the element 713 may be 
formed as a specific element in correspondence with 
the design. The above-mentioned operations are per- 
formed by an amorphous device formed on the insulat- 

55 ing substrate except for power supply and gate control 
of the TFT. Thereafter, the signal charge in the capaci- 
tive element 713 is transferred to a capacitive element 
720 in a processing circuit by a switching element 725, 
and a signal is output via an operational amplifier 721. 
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Thereafter, the capacitive element 720 is reset by a 
switch 722, and the capacitive element 713 is reset by a 
switch 705, thus completing the operation for one pixel. 

An example of the operation of th X-ray image 
pickup device portion of the present invention will be 
described below with reference to Figs. 8 and 9. 

Shift registers SR1 and SR2 apply Hi-level pulses 
to control lines g1 to g3 and s1 to s3. Then, the transfer 
switching TFTs T1 1 to T33 are electrically connected to 
switches M1 to M3, and the G electrodes of all the pho- 
toelectric conversion elements S1 1 to S33 are set at the 
GND potential (since the input terminal of an integration 
detector Amp is designed to have the GND potential). At 
the same time, the refresh control circuit RF outputs a 
Hi-level pulse to turn on the switch SWr, and the D elec- 
trodes of all the photoelectric conversion elements S1 1 
to S33 are set to be a positive potential by the refresh 
power supply Vr. Then, all the photoelectric conversion 
elements S1 1 to S33 are set in the refresh mode and 
are refreshed. At the next timing, the refresh control cir- 
cuit RF outputs a Lo-level pulse to turn on the switch 
SWs, and the D electrodes of all the photoelectric con- 
version elements S1 1 to S33 are set to be a positive 
potential by the reading power supply Vs. All the photo- 
electric conversion elements S1 1 to S33 are then set in 
the photoelectric conversion mode. In this state, the 
shift registers SR1 and SR2 apply Lo-level pulses to the 
control lines g1 to g3 and s1 to s3. In response to these 
pulses, the switches M1 to M3 of the transfer switching 
TFTs T1 1 to T33 are turned off, and the respective pho- 
toelectric conversion elements hold potentials therein 
although they are open in DC term since they also serve 
as capacitors. At this time, since no X-rays are incident, 
no light enters the photoelectric conversion elements 
S1 1 to S33, and no photocurrent flows. In this state, 
when X-ray pulses are output, and pass through the 
scintillator, fluorescence from the scintillator is incident 
on the photoelectric conversion elements S1 1 to S33. 
This fluorescence contains information concerning the 
internal structure of a human body. Photocurrents that 
flow in response to the incident light are stored as 
charges in the photoelectric conversion elements, and 
the charges are held after the end of incidence of X- 
rays. Then, when the shift register SR1 applies a Hi- 
level control pulse to the control line g1, and the shift 
register SR2 applies control pulses to the control lines 
s1 to s3, outputs v1 to v3 are sequentially output via the 
transfer switching TFTs T1 1 to T1 3 and the switches M 1 
to M3. Similarly, other optical signals are sequentially 
output under the control of the shift registers SR1 and 
SR2. With these signals, two-dimensional information of 
the internal structure of, e.g., a human body are 
obtained as the outputs v1 to v9. A still image is 
obtained by the operations described so far. However, 
when a moving image is to be obtained, the operations 
described so far are repeated. 

In this case, since the D electrodes of the photoe- 
lectric conversion elements are connected to a common 
wiring line, and this common wiring line is controlled to 



the potentials of the refresh power supply Vr and the 
reading power supply Vr via the switches SWr and SWs, 
all the photoelectric conversion elements can be simul- 
taneously switched to the refresh mode or the photoe- 

5 lectric conversion mode. In this manner, an optical 
output can be obtained using one TFT per pixel without 
requiring any complicated control. 

In Fig. 8, nine pixels are two-dimensionally 
arranged in a 3 x 3 matrix, and the outputs from three 

10 pixels are concurrently transferred and output in three 
operations. However, the present invention is not limited 
to this arrangement. For example, when 5x5 pixels per 
mm 2 are two-dimensionally arranged as 2,000 x 2,000 
pixels, a 40 cm x 40 cm X-ray detector can be obtained. 

is When this detector is combined with an X-ray generator 
in place of an X-ray film to constitute an X-ray image 
pickup apparatus, it can be used in X-ray chest exami- 
nation and breast cancer examination. With this 
arrangement, unlike a film, the output from the appara- 

20 tus can be instantaneously displayed on a CRT Further- 
more, the output from the apparatus can be converted 
into digital data, and the digital data can be subjected to 
image processing to be converted into a desired output. 
Also, the digital data can be saved in a magneto-optical 

25 disk, and previous images can be instantaneously 
retrieved. Also, the sensitivity is higher than that of a 
film, and a clear image can be obtained using very weak 
X-rays that have little influence on the human body. 
Fig. 12 or 13 shows the packaging state of a detec- 

30 tor having 2,000 x 2,000 pixels. When the detector with 
2,000 x 2,000 pixels is to be constituted, the number of 
elements enclosed in a broken line in Fig. 8 can be 
increased two-dimensionally. In this case, 2,000 control 
lines g1 to g2000, and 2,000 signal lines sigl to sig2000 

35 are required. Also, the shift register SR1 and the detec- 
tion integrated circuit IC have a large scale since they 
must control and process 2,000 lines. When such ele- 
ments are realized using one-chip elements, one chip 
becomes very large, and is disadvantageous in terms of 

40 the yield, cost, and the like in the manufacture. In view 
of this problem, for example, the shift register SR1 is 
formed as one chip every 100 stages, i.e., 20 chips 
(SR1-1 to SR1-20) can be used. Also, the detection 
integrated circuit is formed as one chip for every 100 

45 processing circuits, i.e., 20 chips (IC1 to IC20) can be 
used. 

In Fig. 12, 20 chips (SR1-1 to SR1-20) are mounted 
on the left side (L), 20 chips are mounted on the lower 
side (D), and 100 control lines and 100 signal lines per 

so chip are connected by wire bonding. A broken line por- 
tion in Fig. 12 corresponds to that in Fig. 8. Also, exter- 
nal connection lines are not shown. Furthermore, the 
switches SWr and SWs, the power supplies Vr and Vs, 
the circuit RF, and the like are not shown. The detection 

55 integrated circuits IC1 to IC20 generate 20 outputs 
(Vout). These utputs may be combined into one output 
via switches, or may be dir ctly output and subjected to 
parallel processing. 

Fig. 13 shows another arrangement In this 
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arrangement, 10 chips (SR1-1 to SR1-10) are mounted 
on the left side (L), another 10 chips (SR1-11 to SR1- 
20) are mounted on the right side (R), 10 chips (IC1 to 
IC10) are mounted on the upper side (U), and another 
10 chips (IC11 to IC20) are mounted on the lower side 
(D). In this arrangement, since 1,000 wiring lines are 
distributed to each of the upper, lower, left, and right 
sides (U, D, L, R), the wiring line density of each side 
becomes low, and the wire bonding density of each side 
also becomes low, thus improving the yield. The wiring 
lines are distributed in such a manner that lines g1 , g3, 

g5 g1999 are distributed to the left side (L), and lines 

g2, g4, g6,..., g2000 are distributed to the right side (R), 
i.e., the odd-numbered control lines are distributed to 
the left side (L), and the even-numbered control lines 
are distributed to the right side (R). With this arrange- 
ment, since the wiring lines are extended at equal inter- 
vals, the yield can be improved without too high a local 
density. The same applies to the distribution of wiring 
lines to the upper and lower sides (U, D). 

Although not shown, as still another arrangement, 
the wiring lines may be distributed as follows. That is, 

lines g1 to g100, g201 to g300 g1801 to g1900 are 

distributed to the left side (L), and lines g101 to g200, 

g301 to g400 g1901 to g2000 are distributed to the 

right side (R), i.e., successive control lines in units of 
chips are alternately distributed to the left and right 
sides (L, R). With this arrangement, since control lines 
in one chip can be successively controlled, the driving 
timings can be determined easily, and the circuit 
arrangement can be prevented from being complicated, 
thus reducing the cost of the circuit. The same applies 
to the upper and lower sides (U, D), and a low-cost cir- 
cuit can be used since continuous processing is 
allowed. 

After the circuit enclosed in the broken line is 
formed on a single board of both the detectors shown in 
Figs. 1 2 and 1 3, chips may be mounted on the board, or 
the circuit board corresponding to the broken line por- 
tion and chips may be mounted on another large board. 
Alternatively, chips may be mounted on a flexible circuit 
board, and may be adhered and connected to the circuit 
board corresponding to the broken line portion. 

When the above-mentioned arrangement is 
adopted, the manufacturing process of a large-area 
photoelectric conversion device with a very large 
number of pixels can be realized by a simple process 
including essentially a small number of steps since the 
respective elements can be simultaneously formed by 
common films. For this reason, large-area, high-per- 
formance photoelectric conversion devices can be man- 
ufactured with high yield and low cost. 

As can be seen from the above description, the 
photoelectric conversion element according to the 
present invention is not limited to the above-mentioned 
specific one. The photoelectric conversion element 
need only comprise a first electrod layer, an insulating 
layer for blocking movement of holes and electrons, a 
photoelectric conversion semiconductor layer, and a 



second electrode layer, and an injection blocking layer 
that blocks injection of holes into the photoelectric con- 
version semiconductor layer need only be formed 
between the second electrode layer and the photoelec- 

5 trie conversion semiconductor layer. 

In the above description, holes and electrons may 
be reversed. For example, the injection blocking layer 
may be a p-layer. In this case, other constituting por- 
tions may be arranged while inverting the polarities of 

10 the voltages and electric fields to be applied, thus assur- 
ing the same operation as described above. Further- 
more, the photoelectric conversion semiconductor layer 
need only have a photoelectric conversion function that 
generates electron-hole pairs upon incidence of light. 

75 Also, the layer arrangement is not limited to a single 
layer but may adopt a multi-layered structure, or the 
characteristics may change continuously. 

Likewise, the TFT need only comprise a gate elec- 
trode, a gate insulating film, a semiconductor layer that 

20 can form a channel, an ohmic contact layer, and a main 
electrode. For example, the ohmic contact layer may be 
a p-layer, and in this case, the control voltage for the 
gate electrode may be inverted to use holes as carriers. 
Fig. 14 is a sectional view for explaining in more 

25 detail an X-ray image pickup device according to the 
present invention. The X-ray image pickup device com- 
prises, in the following order from the upper side, a grid 
903 consisting of substance portions 200 that absorb X- 
rays and substance portions 201 that transmit X-rays, a 

30 phosphor 904 serving as a wavelength converter for 
converting X-rays into visible light, and an insulating 
substrate 400 on which photoelectric conversion ele- 
ments 401, switching elements 402, a protection layer 
403 for protecting them, and the like are formed. The 

35 layer arrangement of the photoelectric conversion ele- 
ments 401 and the switching element 402 is the same 
as that shown in Fig. 6, and the respective layers are 
denoted by the same reference numerals as those in 
Fig. 6. Note that the photoelectric conversion device 

40 portions (401 , 402, and other wiring lines) in Fig. 14 do 
not show geometrically successive two bits (adjacent 
two bits) unlike in Fig. 6, but show arbitrarily selected 
two bits. As shown in Fig. 14, these two bits will be 
referred to as sensors A and B hereinafter. The light- 

45 receiving areas of these sensors are indicated by "S" in 
Fig. 14. Also, the sizes of the substance portion 200 that 
absorbs X-rays and the substance portion 201 that 
transmits X-rays are respectively indicated by "A" and 
T, and the sum, "A + T, of these sizes "A" and "T" is 

so assumed to be the grid pitch. Note that these sizes ("S", 
"A", "T) are considered in the direction of grid pitch 
(one-dimensional direction: X-direction in Fig. 14). 

Referring to Fig. 14, the size "S" of the light-receiv- 
ing area of the sensor is equal to the grid pitch ( M A + T). 

55 The light-receiving area of sensor A (the left sensor in 
Fig. 1 4) is in phase with th grid; it is seen that the rela- 
tionship "S" - "A + T holds. In sensor A, X-rays trans- 
mitted through one substance region 201 that transmits 
X-rays are converted int visibl light by the phosphor 



9 



17 



EP0 767 389 A2 



18 



904, and only the corresponding light amount is photoe- 
lectrically converted by sensor A. On the other hand, in 
sensor B, as shown in Fig. 14, the phase relationship 
between the light-receiving area and the grid is not 
always the same as that of sensor A. This is because 
the pitch ("Sp") of the sensor (photoelectric conversion 
elements) is not equal to the grid pitch. 

Normally, when the grid pitch is different from the 
sensor pitch, even when uniform light is irradiated, an 
output distribution is generated due to a difference in 
space phase, and a periodic density pattern is formed 
on the image. Generally, this phenomenon is called 
"moire". When moire has been generated, the image 
quality obtained by the X-ray image pickup device con- 
siderably deteriorates. 

However, since the light-receiving area size "S" of 
sensor B in Fig. 14 is equal to the grid pitch "A + T", the 
light amount photoelectrical! y converted by sensor B is 
equal to the fluorescence amount generated by X-rays 
that are transmitted through only one X-ray transmis- 
sion substance region 201 (on sensor B, 
"S" = "T + A1 + A2"). 

More specifically, when the light-receiving area size 
"S" of the photoelectric conversion element equals the 
grid pitch "T + A", every photoelectric conversion ele- 
ments can generate equal photoelectric conversion out- 
puts independently of the phase relationship of the grid 
(200 and 201) on each photoelectric conversion ele- 
ment. 

Fig. 15 shows a case wherein the light-receiving 
area size "S" of the photoelectric conversion element is 
equal to a value twice the grid pitch T + A" 
("S" = T + A" * 2). On both sensors A and B (irrespec- 
tive of the sensor position), fluorescence produced by 
X-rays that are transmitted through two X-ray transmis- 
sion substance regions 201 in the grid is photoelectri- 
cally converted, and a photoelectric conversion output 
independent from the positional relationship of the grid 
with respect to the light-receiving surface size "S" can 
be obtained, thus obtaining the same effect as the 
device shown in Fig. 14. Although not shown, the same 
applies to "S" = T + A" * N (N: an integer equal to or 
larger than 3). 

In Figs. 14 and 15, the grid pitch has been 
described in only one direction taking as an example the 
sectional views of the X-ray image pickup device of the 
present invention. In other words, an example using the 
grid shown in Fig. 2 has been described, and the effect 
of the present invention in this case is limited to a one- 
dimensional region, needless to say. However, since the 
present invention relates to a two-dimensional X-ray 
image pickup device, a grid having a checkerboard-like 
pattern obtained by arranging X-ray absorption sub- 
stance portions 200 and x-ray transmission substance 
portions 201 in a two-dimensional region is used, as a 
matter of cours , and the grid pitches (T x + A x ", T Y -*- 
Ay") in the x- and y-directions are set be equal to an 
integer multiple of the corresponding sizes (S x , Sy) of 
the light-receiving surfaces of the photoelectric conver- 



sion elements in the X- and Y-directions, i.e.,: 

M S x " = "T x + A x " * N x (N x : positive integer) 

5 "S Y " - "T Y + A Y " * N Y (N Y : positive integer) 

With this arrangement, the effect of the present inven- 
tion can be expected in both the x- and y-directions, 
needless to say. 

10 Fig. 16 is a schematic perspective view showing 
such X-ray image pickup device (photoelectric conver- 
sion element portions are not shown). 

Figs. 17 and 18 are respectively sectional views of 
an X-ray image pickup device of the present invention. 

is The same reference numerals in Figs. 1 7 and 1 8 denote 
the same parts as in Fig. 14. 

Fig. 17 shows a case wherein sensors A and B 
have photoelectric conversion elements with the same 
arrangement, the pitch of the grid (200, 201) is equal to 

20 the sensor pitch "Sp", and the positional relationship 
between the grid and sensors varies. As can be seen 
from Fig. 17, as the sensor light-receiving surface is 
located in the shadow portion of the X-ray absorption 
substance portion 200 that constitutes the grid, it cannot 

25 obtain a maximum light amount of the sensor. However, 
since the grid pitch is equal to the sensor pitch, no moire 
is generated. Since the grid is used, X-rays scattered 
inside the human body can be removed, as a matter of 
course. That is, with this layout, very high image quality 

30 can be obtained while preventing a density pattern or 
stripe pattern which is not present in the object from 
appearing on the X-ray image. 

In Fig. 18, the grid pitch ("T + A") is equal to the 
sensor pitch ("Sp"), and the space positional relation- 

35 ship between the grid and sensors is determined so that 
the light-receiving surfaces of sensors A and B are 
located immediately under the X-ray transmission sub- 
stance portions 201 that constitute the grid. With this 
positional relationship, the amount of light received by 

40 the sensor light-receiving surface is maximized. That is, 
the signal output of the X-ray image pickup device can 
be maximized, and a high S/N ratio can be obtained. 
That is, an X-ray image pickup device having higher 
image quality than that of the device shown in Fig. 17 

45 can be provided. 

In Figs. 17 and 18, the positional relationship 
between the sensor and the grid has been described in 
only one direction using the sectional views of an X-ray 
image pickup device when the sensor pitch ("Sp") 

so equals the grid pitch ("T + A"). However, as has also 
been described in Fig. 16, this relationship is not limited 
in the one-dimensional structure. That is, a grid having 
a checkerboard-like pattern obtained by arranging X-ray 
absorption substance portions 200 and x-ray transmis- 

55 sion substance portions 201 in a two-dimensional 
region is used, and the grid pitch s ("Tx + Ax", "Ty + 
Ay") in the x- and y-directions are set be equal to an 
integer multiple of the corresponding sizes (Spx, Spy) of 
the photoelectric conversion elem nts in the X- and Y- 
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directions, i.e.,: 

M Spx" = 'Tx + Ax" 

"Spy" = Ty + Ay" s 

Also, when the space phase relationship is deter- 
mined to maximize the light amount on the sensor light- 
receiving surface, as shown in Fig. 15, and is applied 
two-dimensionally, the same effect can be expected in 10 
both the X- and Ydirections. 

Furthermore, when this relationship is expanded as 
follows, the same effect can be expected, as a matter of 
course: 

15 

"Spx" = 'Tx + Ax" * Nx (Nx: positive integer) 
"Spy" = "Ty + Ay" * Ny (Ny: positive integer) 

The above-mentioned grid may be inclined to point 20 
in the direction of the light source (often, a point light 
source), as shown in Fig. 3. In this case, the relationship 
between the pitch of the photoelectric conversion ele- 
ments and the grid pitch can be adjusted on the photo- 
electric conversion element side of the grid. With this 25 
arrangement, a high-sensitivity X-ray image pickup 
device can be realized, and the radiation amount onto a 
human body or the like can be reduced. 

The wavelength converter such as a phosphor and 
the grid may be coupled using an adhesive or a 30 
mechanical fixing means. When a mechanical fixing 
means is used, the detectors having the photoelectric 
conversion elements, the wavelength converter, and the 
grid may be housed in and fixed to a single housing. In 
the case of mechanical fixing, even when the wave- 35 
length converter such as a phosphor, other constituting 
members, and the like deteriorate or fail, only a required 
one can be exchanged. The fixing using an adhesive is 
disadvantageous in terms of exchange, but the relative 
positional relationship never deviates once the mem- 40 
bers are fixed, thus improving the vibration resistance. 

However, the present invention can be applied to 
either fixing method, needless to say. 

As described above, according to the present 
invention, since the two-dimensional image reading 45 
device is substantially in tight contact with the X-ray-vis- 
ible light conversion phosphor, the size of the X-ray 
image pickup device can be greatly reduced since the 
need for any reduction optical system including a lens 
can be obviated, and a device with a high S/N ratio can so 
be provided since fluorescence from the X-ray-visible 
light conversion phosphor can be effectively used. 
Since the device comprises the grid, X-ray components 
scattered in an object such as a human body can be 
removed, and an X-ray image with high resolution and ss 
high image quality can be btained. Since no film is 
used, the output from the photo lectric conversion ele- 
ment, i.e., X-ray image data can be processed as a dig- 
ital value without any time lag and another reading 



processing, and can be easily subjected to high-speed 
data processing if a versatile hardware arrangement or 
software program is used. 

Since the siz of the light-receiving surface of the 
photoelectric conversion element is set to be equal to 
the grid pitch or a value N times (N: an integer equal to 
or larger than 2) of the grid pitch, generation of moirg 
due to a space phase shift can be prevented irrespec- 
tive of the positional relationship between the two- 
dimensional image reading device and the grid, and an 
X-ray image pickup device with high image quality can 
be provided. In addition, when the positional relation- 
ship between the two-dimensional image reading 
device and the grid can be freely determined, the man- 
ufacturing cost can be reduced since delicate positional 
adjustment in the manufacture need not be performed. 
In addition, a highly reliable device which can be used 
even in an environment with many vibrations such as a 
medical examination vehicle that mounts an X-ray 
image pickup apparatus, can be provided. 

When the pitch of the photoelectric conversion ele- 
ments is set to be equal to a value N times (N: an inte- 
ger equal to or larger than 1 ) of the grid pitch, and in this 
case, the positional relationship between the photoelec- 
tric conversion elements and grid is determined to max- 
imize the signal outputs from the photoelectric 
conversion elements, the S/N ratio of the X-ray image 
pickup device can be increased, and diagnostic preci- 
sion can be improved. 

When the photoelectric conversion element is con- 
stituted by, from the insulating substrate side, a first 
metal thin film serving as a lower electrode, an amor- 
phous silicon nitride insulating layer (a-SiN x ) that can 
block passage of electrons and holes, a hydrogenated 
amorphous silicon photoelectric conversion layer (a- 
Si:H), an n-type injection blocking layer that blocks 
injection of hole carriers or a p-type injection blocking 
layer that blocks injection of electron carriers, and a 
transparent conductive layer or a second metal thin film 
layer formed on a portion of the injection blocking layer, 
which serves as an upper electrode, an existing thin film 
manufacturing device such as a CVD device, a sputter- 
ing device, or the like can be used, and a large-area X- 
ray image pickup device can be provided. 

According to the present invention, the diagnostic 
efficiency can be greatly improved in hospitals unlike in 
the conventional method, and a diagnostic information 
network can be constructed covering the entire nation, 
thus improving the diagnostic efficiency in the whole 
medical field. 

Note that the X-ray image pickup device of the 
present invention is not limited to the above-mentioned 
example, and various modifications and combinations 
may be made within the spirit and scope of the inven- 
tion. 

An X-ray image pickup device has a two-dimen- 
sional image reading device which is constituted by two- 
dimensionally forming a plurality of photoelectric con- 
version elements on an insulating substrat , and has 
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switching elements in the vicinities of these photoelec- 
tric conversion elements, a phosphor which is formed 
on the two-dimensional image reading device and 
serves as a wavelength converter for converting X-ray 
radiation into visible light, and a grid plate which is 
formed on the phosphor and guides only X-rays from a 
specific direction toward the phosphor and the two- 
dimensional image reading device, whereby a next-gen- 
eration X-ray image pickup device which can improve 
diagnostic efficiency that cannot be attained by the con- 
ventional film method, and has a high space factor and 
a high S/N ratio that cannot be attained by the CCD 
method can be provided. 

Claims 

1 . An X-ray image pickup device comprising: 

a two-dimensional image reading device con- 
stituted by two-dimensionalty forming a plurality 
of photoelectric conversion elements on an 
insulating substrate; 

a wavelength converter which is formed to be 
substantially in tight contact with a surface of 
said two-dimensional image reading device 
and converts a wavelength of irradiated X-rays 
into a wavelength in a photosensitive wave- 
length range of said two-dimensional image 
reading device; and 

a grid plate which is formed between said 
wavelength converter and an X-ray source, and 
guides only X-rays from a specific direction to 
said wavelength converter. 

2. A device according to claim 1 , wherein said two- 
dimensional image reading device is constituted by 
arranging the photoelectric conversion elements 
each serving as a pixel at a predetermined sensor 
pitch in X- and Ydirections, 

said grid plate is constituted by pairs of sub- 
stance portions that absorb X-rays and substance 
portions that transmit X-rays at a predetermined 
grid pitch in at least one of the X- and Ydirections, 
and 

a size, in a direction of the grid pitch, of a 
light-receiving surface of the photoelectric conver- 
sion element is equal to a pitch of said grid plate or 
a value N times (N: an integer not less than 2) of the 
pitch of said grid plate. 

3. A device according to claim 1 , wherein said two- 
dimensional image reading device is constituted by 
arranging the photoelectric conversion elements 
each serving as a pixel at a predetermined interval 
(sensor pitch) in X- and Ydirections, said grid plate 
is constituted by pairs of substance portions (A) 
that absorb X-rays and substance portions (B) that 
transmit X-rays at a predetermined interval (grid 
pitch) in at least one of the X- and Ydirections, and 



the sensor pitch is set to be equal to the grid pitch 
or a value N times (N: an integer not less 2) of the 
grid pitch. 

5 4. A device according to claim 3, wherein a positional 
relationship between said two-dimensional image 
reading device and said grid plate is determined to 
maximize a signal output from the photoelectric 
conversion element. 

10 

5. A device according to claim 1 , wherein the photoe- 
lectric conversion element comprises, from the 
insulating substrate side, a first metal thin film layer 
serving as a lower electrode, an amorphous silicon 

75 nitride insulating layer (a-SiNJ for blocking pas- 
sage of electrons and holes, a hydrogenated amor- 
phous silicon photoelectric conversion layer (a- 
Si:H), an n-type injection blocking layer for blocking 
injection of hole carriers or a p-type injection block- 

20 ing layer for blocking injection of electron carriers, 
and a transparent conductive layer or a second 
metal thin film layer formed on a portion of said 
injection blocking layer, which serves as an upper 
electrode. 

25 

6. A device according to claim 1 , wherein said wave- 
length converter comprises a phosphor. 

7. An X-ray image pickup apparatus comprising an X- 
30 ray image pickup device of claim 1, and an X-ray 

source. 
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(54) X-ray Image pickup device 

(57) An X-ray image pickup device has a two- 
dimensional image reading device which is constituted 
by two-dimensionally forming a plurality of photoelectric 
conversion elements on an insulating substrate, and 
has switching elements in the vicinities of these photoe- 
lectric conversion elements, a phosphor which is formed 
on the two-dimensional image reading device and 
serves as a wavelength converter for converting X-ray 
radiation into visible light, and a grid plate which is 
formed on the phosphor and guides only X-rays from a 
specific direction toward the phosphor and the two- 
dimensional image reading device, whereby a next-gen- 
eration X-ray image pickup device which can improve 
diagnostic efficiency that cannot be attained by the con- 
ventional film method, and has a high space factor and 
a high S/N ratio that cannot be attained by the CCD 
method can be provided. 
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